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COP 1 FOR TREATMENT OF INFLAMMATORY BOWEL 

DISEASES 

5 

FIELD OF THE INVENTION 

The present invention relates to pharmaceutical compositions and methods 
for the treatment of inflammatory bowel diseases (IBD), particularly Crohn's 
disease and ulcerative colitis. 

10 

BACKGROUND OF THE INVENTION 

Inflammatory bowel diseases (IBD) is the name given to a group of related 
diseases affecting the gastrointestinal tract, mainly Crohn's disease and ulcerative 
colitis, two severe gastrointestinal disorders of high frequency (more than one in 

15 500 Americans has some type of inflammatory bowel disease) and disabling for 
many patients, and generating a significant burden on the health care system. 
Patients may have diarrhea, nauseas, vomiting, abdominal cramps, and pain that can 
be difficult to control. EBDs are characterized by chronic excessive destruction of 
the colon (in ulcerative colitis) or the small and large bowel (in Crohn's disease), 

20 due to the infiltration of the bowel wall by inflammatory infiltrate. 

The pathogenesis of IBD involves interactions among local environment 
microorganisms, genetic susceptibility and the immune system. Several 
microorganisms, bacteria and viruses, have been implicated as etiologic agents of 
IBD, however, no evidence of a definite role for one infectious agent has been 

25 provided. Recent data suggest some susceptibility genes, yet extensive studies are 
still required to identify the specific genes responsible for the expression of such 
diseases. Whereas the nature of both possible infectious agents and genetic 
alteration remains unclear, great progress has been achieved in understanding the 
immune mechanisms responsible for the pathogenesis of IBD, particularly Crohn's 

30 disease. 
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CD4 + Thl cells have been identified as central mediators in the pathogenesis 
of Crohn's disease, showing restricted but variable TCR repertoire. IFN-y released 
by these Thl cells activates local macrophages to produce pro-inflammatory 
cytokines and toxic metabolites, in particular TNF-ct and nitric oxide (NO), which 
5 cause damage to the intestinal epithelium and maintain the transmural 
inflammation. This chronic abnormal Thl response is maintained by the abrogation 
of tolerance to components of the intestinal flora or its products, resulting in an 
autoimmune-like process. Since a specific host autoantigen has not been identified, 
IBDs are not genuine autoimmune diseases. However, due to its immune nature, 

1 0 IBD may be viewed as such. 

Copolymer 1 (Cop 1, glatiramer acetate or GA), a non-pathogenic synthetic 
random copolymer composed of the four amino acids: L-Glu, L-Lys, L-Ala, and L- 
Tyr (hereinafter "Cop 1" or "GA"), is currently an approved drug for the treatment 
of multiple sclerosis under the name of Copaxone™ (Sela and Teitelbaum, 2001). It 

15 is a very well tolerated agent with only minor adverse reactions and high safety 
profile. Treatment with Cop 1 by ingestion or inhalation is disclosed in US 
6,214,791. 

Recently it was found that in animal models Cop 1 provides a beneficial 
effect for several additional disorders. Thus, Cop 1 suppresses the immune rejection 
20 manifested in graft versus host disease (GVHD) in case of bone marrow 
transplantation (Schlegel et al, 1996; US 5,858,964), as well as in graft rejection in 
case of solid organ transplantation (Aharoni et al, 2001). 

WO 01/52878 and WO 01/93893 disclose that Cop 1, Cop 1 -related peptides 
and polypeptides and T cells activated therewith protect CNS cells from glutamate 
25 toxicity and prevent or inhibit neuronal degeneration or promote nerve regeneration 
in the central nervous system and peripheral nervous system. Thus, for example, 
Cop 1 is under evaluation as a therapeutic vaccine for neurodegenerative diseases 
such as optic neuropathies and glaucoma (Kipnis and Schwartz, 2002). 

Cop 1 and related copolymers and peptides have been disclosed in WO 
30 00/05250 (Aharoni et al., 2000), hereby incorporated by reference in its entirety as 
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if fully disclosed herein, for treating autoimmune diseases. Although colitis is 
mentioned among the autoimmune diseases, no example or protocol for testing 
colitis is disclosed in said application. 

The available medical treatments for IBD are rather unsatisfactory. A 
5 detrimental immune response towards local microorganisms, involving mainly 
CD4+ Thl cells, and imbalance between pro-inflammatory and anti-inflammatory 
reactivity, play a role in the pathogenesis of IBD, particularly in Crohn's disease 
(CD) (MacDonald et al., 2000; Shanahan, 2001). Current medical treatments for 
IBD rely on the use of non-specific anti-inflammatory drugs such as corticosteroids, 

10 as well as immunosuppressive drugs (Shanahan, 2001). However, these treatments 
do not modify the disease course but only ameliorate the symptoms, while inducing 
severe side effects that limit their use. Moreover, significant percentage of the 
patients are steroid resistance. Hence, there is a real need for new, well-tolerated 
therapies that effectively induce remission and alter the natural course of the 

15 disease. Based on the immunopathological nature of CD, novel immunomodulatory 
strategies attempt to deviate the CD4+ pathogenic T-cells from Thl inflammatory 
to Th2 anti-inflammatory phenotype (Shanahan, 2001; Sandborn and Targan, 2002; 
Van Deventer, 2000). 

20 SUMMARY OF THE INVENTION 

It has now been found, in accordance with the present invention, that 
treatment of 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis mice with 
Cop 1 can protect the mice from the disease. 

The present invention thus relates, in one aspect, to a method for treatment of 
25 a patient suffering from an inflammatory bowel disease (IBD), which comprises 
administering to said patient an effective amount of an active agent selected from 
the group consisting of Cop 1, a Cop 1-related polypeptide, and a Cop 1-related 
peptide. Among the effects obtained by this treatment are included, for example, 
reduction of disease progression, alleviation of the disease symptoms, suppression 
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of the inflammatory process and/or prevention of further exacerbation of the 
disease. 

The inflammatory bowel disease (IBD) to be treated according to the 
invention is any disease in which detrimental immune reactivity is manifested in the 
5 gut (intestine), particularly Crohn's disease and ulcerative colitis. 

In another aspect, the present invention provides a pharmaceutical 
composition for treatment of an inflammatory bowel disease (IBD), particularly 
Crohn's disease and ulcerative colitis, comprising an active agent selected from the 
group consisting of Cop 1, a Cop 1 -related polypeptide, and a Cop 1 -related 
10 peptide, and optionally a pharmaceutically acceptable carrier. 

In a further aspect, the present invention relates to the use of an active agent 
selected from the group consisting of Cop 1, a Cop 1 -related polypeptide, and a Cop 
1 ^related peptide, for the manufacture of a pharmaceutical composition for 
treatment of an inflammatory bowel disease (IBD), particularly Crohn's disease and 
15 ulcerative colitis. 

In yet another aspect, the present invention provides an article of 
manufacture comprising packaging material and a pharmaceutical composition 
contained within the packaging material, said pharmaceutical composition 
comprising an agent selected from the group consisting of Copolymer 1, a 
20 Copolymer 1 -related peptide, and a Copolymer 1 -related polypeptide; and said 
packaging material includes a label that indicates that said agent is therapeutically 
effective for treating an inflammatory bowel disease. 

BRIEF DESCRIPTION OF THE FIGURES 

25 Figs. 1A-1C show the effect of oral treatment of Cop 1 (glatiramer acetate, 

GA) on TNBS-induced colitis in BALB/c mice. Fig. 1A is a photograph, showing 
macroscopic manifestations: gross appearance of representative colons, 7 days after 
TNBS inoculation, demonstrating: normal colon, colon of TNBS-induced colitis 
from untreated mouse (with ulceration at two sites, major adhesions, diarrhea and 

30 bowel thickness, graded 8); colons from two mice treated orally with Cop 1 (0.25 
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mg/mouse, 8 feedings) with only focal hyperemia (graded 1). Fig. IB is a graph 
showing weight changes and Fig. 1C is a graph showing survival rates of BALB/c 
mice with TNBS-induced colitis and orally treated with GA as compared with 
untreated colitic mice and with normal mice or mice that were inoculated with 50% 
5 ethanol alone. The weights of GA-treated mice were significantly higher than those 
of untreated mice (p<0.05). Mice that died during the first 2 days were considered 
as treatment casualties and were not taken into consideration. Each group consisted 
of 5-7 mice that survived after 2 days. Results represent one of three similar 
experiments. 

10 Figs. 2 A-2F are photographs of histological samples showing the effect of 

GA treatment on the microscopic manifestations of TNBS-induced colitis. 
Histological features of representative colonic sections from BALB/c mice, 7 days 
after administration of TNBS are demonstrated. Normal colon - 2A (original 
magnification x40) and 2B (xlOO); TNBS-induced control colon showing complete 

15 mucosal ulceration, intense transmural inflammation, extensive ulceration and 
disruption of the normal intestine architecture - 2C (x40) and 2D (xlOO); Colon of 
TNBS induced mouse treated orally with GA demonstrating almost normal 
sections, preserved mucosa, normal glandular structure, with only mononuclear 
cells infiltration in submucosa and crypts - 2E (x40) and 2F (xlOO). 

20 Figs. 3A-3F show the effect of various GA treatments on TNBS-induced 

colitis in different mouse strains. Weight changes (Figs. 3A, 3B); Survival rates 
(Figs. 3C,3D); Histological scores (Figs. 3E, 3F). Disease was induced by rectal 
instillation of TNBS in 50% alcohol in (SJL/JxBALB/c)Fl mice (Figs. 3 A, 3C, 3E) 
or SJL/J mice (Figs. 3B, 3D, 3F). Colitic untreated mice are compared with GA- 

25 treated mice by either oral treatment (250 ug/feeding, at alternate days, starting 7 
days before disease induction) or by daily injections (2.5 mg/mouse subcutaneously 
(SC) in PBS, starting either 7 or 14 days before induction). The weights of GA- 
injected mice from both strains, were significantly higher than those of untreated 
mice (p<0.05). "Indicates statistical significance in histological manifestations 

30 (p<0.05). Each group consists of 7-11 mice that survived 2 days after disease 
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induction. 

Figs. 4A-4F show the effect of GA on the lymphocyte proliferation in 
different mouse strains. The responses of normal mice, colitis-induced mice, and 
colitis-induced mice treated with GA orally or parenterally daily are compared in 
5 the BALB/c (Figs. 4A, 4B), (SJL/JxBALB/c)Fl (Figs. 4C, 4D), and SJL/J (Figs. 
4E, 4F) strains. Cells from spleens (Figs. 4A, 4C, 4E) and mesenteric lymph nodes 
(MLN) (Figs. 4B, 4D, 4F) were cultured, 7 days after disease induction, with no 
antigen, colonic extract (CE, 200 ng/ml), or GA (50 ^ig/ml). Results of thymidine 
incorporation are expressed as mean cpm ±1SD of six culture wells and represent 

10 one of two similar experiments, using pooled cells from 3-5 mice in each group. # 
Indicates significant increase in the response to CE by colitic mice. * Indicates 
significant decrease in the response to CE induced by GA treatment. 

Figs. 5A-5C show the effect of GA on TNF-cc secretion in different mouse 
strains. The responses of normal mice, colitis-induced mice, and colitis-induced 

15 mice treated with GA orally or parenterally daily are compared in the BALB/c (Fig. 
5A), (SJL/JxBALB/c)Fl (Fig. 5B), and SJL/J (Fig. 5C) strains. Cells from spleens 
and mesenteric lymph nodes (MLN) were cultured, 7 days after disease induction, 
with immobilized anti-CD3 (5 [xg/ml). After 24 hours, supematants from six culture 
wells were pooled and TNF-a was measured by ELISA in duplicates. Results are 

20 expressed as TNF-a concentration (pg/mkfclSD) and represent one of two similar 
experiments, using pooled cells from 3-5 mice in each group. # Indicates significant 
increase in TNF-a in colitic mice in comparison to normal mice. * Indicates 
significant decrease in TNF-a induced by GA treatment in comparison to untreated 
colitis induced mice. 

25 Figs. 6A-6B show the effect of GA treatment on TGF-p secretion by 

lymphocytes of TNBS-induced BALB/c mice. Cells of spleen or mesenteric lymph 
nodes (MLN) from normal mice, colitis-induced mice, and colitis-induced mice 
treated with GA were cultured either with GA (50 |ag/ml) (Fig. 6A) or immobilized 
anti-CD3 (5 jag/ml) (Fig. 6B). After 72 hours, supematants from six culture wells 
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were pooled and TGF-0 was measured by ELISA in duplicates. Results are 
expressed as TGF-p concentration (pg/ml±lSD) and represent one of two similar 
experiments, using pooled cells from 3-5 mice in each group. # Indicates significant 
decrease in TGF-p in colitic mice in comparison to normal mice. * Indicates 
5 significant increase in TGF-p induced by GA treatment in comparison to untreated 
colitis induced mice. 

Fig. 7 shows the effect of GA treatment on weight change of dextran sulfate 
sodium (DSS)-induced colitis in C57BL/6 mice. GA was administered 
subcutaneously by daily injections - 2.5mg/day, in PBS, starting either 7 days 
1 0 before, or in the same day of DSS feeding. 



DETAILED DESCRIPTION OF THE INVENTION 

In recent years several studies were reported, describing the elucidation of 
the mechanism by which Copolymer 1 exerts its beneficial effect. It was thus 

15 demonstrated that Copolymer 1 binds promiscuously and with high affinity to 
various class II MHC molecules of mouse and human origin, and can even displace 
antigens from the MHC antigen-binding groove [Fridkis-Hareli et al., 1994). In this 
way, the presentation of other antigens and, consequently, the persistence of 
inflammatory process, is down-regulated. In addition, Copolymer 1 was shown to 

20 be a potent inducer of regulatory T cells of the Th2 type (Aharoni et al., 1997). 
Moreover, it leads to deviation of the immune reactivity from Thl to Th2 profile, in 
animals as well as humans (Aharoni et al., 1998; Neuhaus et al, 2000). In view of 
this immunomodulating activities of Copolymer 1 and the Thl -related 
immunopathological nature of Crohn's disease, it was of interest to test whether 

25 Copolymer 1 can be effective also in the suppression of inflammatory bowel 
diseases. Towards this end, we tested the effect of Cop 1 on the experimental 
animal model, namely the TNBS-induced murine model of colitis, that resembles 
human Crohn's disease in terms of its histopathological features and cytokine 
reactivity (Wirtz and Neurath, 2000). 
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It is shown herein, in accordance with the present invention, that, indeed, 
Cop 1, administered either orally or parenterally by daily injections, significantly 
ameliorates the various pathological manifestations of TNBS-induced colitis in 
three strains of mice, indicating that Cop 1 can be useful in treatment of 
inflammatory bowel diseases. 

As used herein, the terms "Copolymer 1", "Cop 1", "Cop-1", "glatiramer 
acetate" and "GA" are each used interchangeably. 

For the purpose of the present invention, "Cop 1 or a Cop 1 -related peptide 
or polypeptide 1 ' is intended to include any peptide or polypeptide, including a 
random copolymer, that cross-reacts functionally with myelin basic protein (MBP) 
and is able to compete with MBP on the MHC class II in the antigen presentation. 

A copolymer for use as active agent in the present invention may be a 
random copolymer comprising a suitable quantity of a positively charged amino 
acid such as lysine (K) or arginine (R), in combination with a negatively charged 
amino acid (preferably in a lesser quantity) such as glutamic acid (E) or aspartic 
acid (D), optionally in combination with a non-charged neutral amino acid such as 
alanine (A) or glycine (G), serving as a filler, and optionally with an amino acid 
adapted to confer on the copolymer immunogenic properties, such as an aromatic 
amino acid like tyrosine (Y) or tryptophan (W). 

The copolymers for use in the present invention can be composed of L- or D- 
amino acids or mixtures thereof. As is known by those of skill in the art, L-amino 
acids occur in most natural proteins. However, D-amino acids are commercially 
available and can be substituted for some or all of the amino acids used to make the 
copolymers used in the present invention. The present invention contemplates the 
use of copolymers containing both D- and L-amino acids, as well as copolymers 
consisting essentially of either L- or D-amino acids. 

In one embodiment, the active agent for use in the present invention 
comprises at least one random three- or four-amino acid copolymer comprising one 
ainino acid selected from each of the four following groups: (a) lysine (K) and 
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arginine (R); (b) glutamic acid (E) and aspartic acid (D); (c) alanine (A) and glycine 
(G); and (d) tyrosine (Y) and tryptophan (W). 

In one preferred embodiment, the copolymer comprises a combination of the 
amino acids tyrosine, glutamic acid, alanine, and lysine, herein designated poly- 
YEAK, of net overall positive electrical charge, and is most preferably Copolymer 
1, of the following molar ratio of the amino acids: about 0.14 glutamic acid, about 
0.43 alanine, about 0.10 tyrosine, and about 0.34 lysine. It may be a low molecular 
weight or high molecular weight copolymer being a polypeptide from about 15 to 
about 100, preferably from about 40 to about 80, amino acids in length. The 
copolymer has an average molecular weight of about 2,000-40,000 Da, preferably 
of about 2,000-13,000 Da, more preferably of about 4,700-13,000 Da, most 
preferably of about 5,000-9,000 Da, and mostly preferred of about 6,000-8,000 Da. 
This preferred copolymer, Cop 1, is most preferably in the form of its acetate salt 
known under the generic name glatiramer acetate or GA. Preferred molecular 
weight ranges and processes for making a preferred form of Cop 1 are described in 
U.S. Patent No. 5,800,808, the entire contents of which are hereby incorporated by 
reference in their entirety as if fully disclosed herein. 

It is clear that this is given by way of example only, and that the active agent 
can be varied both with respect to the constituents and relative proportions of the 
constituents, thus obtaining poly-YEAK copolymers different from Cop 1. 

In another embodiment, the active agent of the present invention is a Cop 1- 
related polypeptide that is a random copolymer containing four different amino 
acids, each from a different one of the groups (a) to (d), but excluding Cop 1. The 
activity exhibited by Copolymer 1 is expected to remain if one or more of the 
following substitutions is made in the amino acid composition of the copolymer: 
aspartic (D) acid for glutamic acid (E), glycine (G) for alanine (A), arginine (R) for 
lysine (K), and tryptophan (W) for tyrosine (Y). 

Thus, in another embodiment, the Cop 1-related polypeptide of the invention 
may include any of those copolymers disclosed in WO 00/05250, the entire contents 
of which being hereby incorporated herein by reference as if fully disclosed herein, 
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and other synthetic amino acid copolymers such as the random four-amino acid 
copolymers described by Fridkis-Hareli et al. (2002) as candidates for treatment of 
multiple sclerosis, namely copolymers (14-, 35- and 50-mers) containing the amino 
acids phenylalanine, glutamic acid, alanine and lysine (poly-FEAK), or tyrosine, 
5 phenylalanine, alanine and lysine (poly-YFAK), and any other similar copolymer to 
be discovered that can be considered a universal antigen similar to Cop 1. 

In another embodiment, the Cop 1 -related polypeptide of the invention is a 
copolymer containing a combination of three different amino acids each from a 
different one of three groups of the groups (a) to (d). These copolymers are herein 

10 referred to as terpolymers. In a more preferred embodiment, the mole fraction of 
amino acids of the terpolymers is about what is preferred for Copolymer 1. 

In one embodiment, the terpolymers for use in the present invention contain 
tyrosine (Y), alanine (A), and lysine (K), hereinafter designated poly- YAK. The 
average molar fraction of the amino acids in these terpolymers can vary. For 

15 example, tyrosine can be present in a mole fraction of about 0.005-0.250; alanine 
can be present in a mole fraction of about 0.3-0.6; and lysine can be present in a 
mole fraction of about 0.1-0.5, but preferably the molar ratios of tyrosine, alanine 
and lysine are about 0.10 to about 0.54 to about 0.35. The average molecular weight 
of poly- YAK is about 2,000-40,000 Da, preferably about 3,000-35,000 Da, more 

20 preferably about 5,000-25,000 Da. It is possible to substitute arginine (R) for lysine 
(K), glycine (G) for alanine (A), and/or tryptophan (W) for tyrosine (Y). 

In another embodiment, the terpolymers for use in the present invention 
contain tyrosine (Y), glutamic acid (E), and lysine (K), hereinafter designated poly- 
YEK. The average mole fraction of the amino acids in these terpolymers can vary: 

25 glutamic acid can be present in a mole fraction of about 0.005-0.300, tyrosine can 
be present in a mole fraction of about 0.005-0.250, and lysine can be present in a 
mole fraction of about 0.3-0.7, but preferably the molar ratios of glutamic acid, 
tyrosine, and lysine are about 0.26 to about 0.16 to about 0.58. The average 
molecular weight of poly-YEK is about 2,000-40,000 Da, preferably about 3,000- 

30 35,000 Da, more preferably about 5,000-25,000 Da. It is possible to substitute 
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arginine (R) for lysine (K), aspartic acid (D) for glutamic acid (E), and/or 
tryptophan (W) for tyrosine (Y). 

In a further embodiment, the terpolymers for use in the present invention 
contain lysine (K), glutamic acid (E), and alanine (A), hereinafter designated poly- 
5 KEA. The average molar fraction of the amino acids in these polypeptides can also 
vary. For example, glutamic acid can be present in a mole fraction of about 0.005- 
0.300, alanine in a mole fraction of about 0.005-0.600, and lysine can be present in 
a mole fraction of about 0.2-0.7, but preferably the molar ratios of glutamic acid, 
alanine and lysine are about 0.15 to about 0.48 to about 0.36. The average 
10 molecular weight of YEK is about 2,000-40,000 Da, preferably about 3,000-35,000 
Da, more preferably about 5,000-25,000 Da. It is possible to substitute arginine (R) 
for lysine (K), aspartic acid (D) for glutamic acid (E), and/or glycine (G) for alanine 
(A). 

In still another embodiment, the terpolymers for use in the present invention 
15 contain tyrosine (Y), glutamic acid (E), and alanine (A), hereinafter designated 
poly- YEA. The average molar fraction of the amino acids in these polypeptides can 
vary. For example, tyrosine can be present in a mole fraction of about 0.005-0.250, 
glutamic acid can be present in a mole fraction of about 0.005-0.300, and alanine 
can be present in a mole fraction of about 0.005-0.800, but preferably the molar 
20 ratios of glutamic acid, alanine, and tyrosine are about 0.21 to about 0.65 to about 
0:14. The average molecular weight of poly- YEA is about 2,000-40,000 Da, 
preferably about 3,000-35,000 Da, and more preferably about 5,000-25,000 Da. It is 
possible to substitute tryptophan (W) for tyrosine (Y), aspartic acid (D) for glutamic 
acid (E), and/or glycine (G) for alanine (A). 
25 The terpolymers can be made by any procedure available to one of skill in 

the art, for example as described in the above-mentioned publications WO 01/52878 
and WO 01/93893. 

As binding motifs of Cop 1 to MS-associated HLA-DR molecules are 
known, polypeptides of fixed sequence can readily be prepared and tested for 
30 binding to the peptide-binding groove of the HLA-DR molecules as described in 
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Fridkis-Hareli et al. (1999). Examples of such peptides are those disclosed in WO 
005249, the entire contents of which are hereby incorporated by reference as if fully 
disclosed herein. Thirty-two of the peptides specifically disclosed in said 
application are reproduced in Table I hereinbelow (SEQ ID NO:l to NO:32). These 
5 are 15-mer peptides comprising the 4 amino acids alanine, glutamic acid, lysine and 
tyrosine (peptides 2, 3, 5-32) or only the 3 amino acids alanine, lysine and tyrosine 
(peptides 1, 4). Such peptides and other similar peptides would be expected to have 
similar activity as Cop 1 and are encompassed within the definition of Cop 1 -related 
peptides or polypeptides of the invention. 
10 Table 1 



SEQ ID NO. 



Peptide Sequence 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



AAAYAAAAAAKAAAA 
AEKYAAAAAAKAAAA 
AKEYAAAAAAKAAAA 
AKKYAAAAAAKAAAA 
AEAYAAAAAAKAAAA 
KEAYAAAAAAKAAAA 
AEEYAAAAAAKAAAA 
AAEYAAAAAAKAAAA 
EKAYAAAAAAKAAAA 
AAKYEAAAAAKAAAA 
AAKYAEAAAAKAAAA 
EAAYAAAAAAKAAAA 
EKKYAAAAAAKAAAA 
EAKYAAAAAAKAAAA 
AEKYAAAAAAAAAAA 
AKEYAAAAAAAAAAA 
AKKYEAAAAAAAAAA 
AKKYAEAAAAAAAAA 
AEAYKAAAAAAAAAA 
KEAYAAAAAAAAAAA 
AEEYKAAAAAAAAAA 
AAEYKAAAAAAAAAA 
EKAYAAAAAAAAAAA 
AAKYEAAAAAAAAAA 
AAKYAEAAAAAAAAA 
EKKYAAAAAAAAAAA 
EAKYAAAAAAAAAAA 
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28 AEYAKAAAAAAAAAA 

29 AEKAYAAAAAAAAAA 

30 EKYAAAAAAAAAAAA 

31 AYKAEAAAAAAAAAA 

32 AKYAEAAAAAAAAAA 



In accordance with the present invention, the candidate active agent is tested 
in a suitable animal model for inflammatory bowel disease such as the TNBS- 
5 induced colitis murine model, that has been very useful for the study of many 
important aspects of inflammatory bowel disease. Since this model, by itself, does 
not represent the complexity of the human diseases, more than 20 novel animal 
models of intestinal inflammation have been developed in recent years (Bregenholt, 
2000; MacDonald et al., 2000;Wirtz and Neurath, 2000). They can be divided into 

10 four categories: (i) spontaneous models, such as the colitis in C3H/HeJBir mice, a 
new substrain of C3H/HeJ mice with a high incidence of spontaneous colitis; (ii) 
inducible models in mice with a normal immune system, such as the dextran sulfate 
sodium (DSS) colitis; (iii) adoptive transfer models in immunocompromised host, 
such as the CD45RB CD62L+ cells into SCID mice; and (iv) genetically- 

15 engineered models, such as the IL-10 knockout mice. Although most models have 
very heterogeneous origin, most of them result in a common phenotype: mucosal 
inflammation mediated by Thl T-cells that are activated by bacterial antigens in the 
mucosa, a manifestation that is very similar to human Crohn's disease. All of these 
models can be used according to the invention. 

20 According to the present invention, the preferred copolymer for use as the 

active agent of the invention is Cop 1, most preferably in the form of its acetate salt 
known under the generic name glatiramer acetate. The dosage of Cop 1 to be 
administered will be determined by the physician according to the age of the patient 
and stage of the disease and may be chosen from a range of 0.1 to 1,000 mg, 

25 although any other suitable dosage is encompassed by the invention. The 
administration may be made daily in one or more doses, preferably from one to 
three daily doses, for example in a total of 0.1 to 1,000 mg, or in alternate days, 
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three times a week, or once a week, but any other suitable interval between the 
administrations is envisaged by the invention according to the severity of the 
disease and the condition of the patient. 

The composition of the invention may be administered by any suitable mode 
5 of administration including orally, by inhalation, intramuscularly, subcutaneously or 
intradermally. 

Oral administration may be a preferred form of administration, both because 
it is preferred by patients and because, in IBD, this route has additional advantages 
of specific administration into the diseased organ and, consequently, activation of 
10 local beneficial mechanisms such as MHC blocking in addition to the systemic 
activity. 

In a preferred embodiment, the composition is administered orally. In this 
case, Cop 1 may be mixed with other food forms and consumed in solid, semi-solid, 
suspension or emulsion form, and it may be mixed with pharmaceutical^ 
15 acceptable carriers, including water, suspending agents, emulsifying agents, flavor 
enhancers, and the like, or it may be in liquid form, aerosol, inhalable powder or 
solid form, preferably enterically-coated form, all as described in WO 98/30227 and 
corresponding US 6,214,791, hereby incorporated by reference in its entirety as if 
fully disclosed herein. 

20 In another preferred embodiment, Cop 1 is administered parenterally, 

preferably subcutaneously. 

The following examples illustrate certain features of the present invention 
but are not intended to limit the scope of the present invention. 

25 EXAMPLES 
Materials and Methods 

Animals. BALB/c, SJL/J, (SJL/JXBALB/c)Fl and C57BL/6 mice were 
purchased from Harlan (Jerusalem, Israel). Female mice, 8-12 week of age, 
weighing 18-21g, were used in all experiments. 
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Materials. Glatiramer acetate (GA, Copaxone™, Copolymer 1) from batch 
242990599, with an average molecular weight of 7300 kDa, was obtained from 
Teva Pharmaceutical Industries Ltd. (Petach Tikva, Israel). 2,4,6- 
Trinitrobenzenesulfonic acid (TNBS) was from Sigma. Immobilized anti-CD3 
5 antibody is from Serotec. 

Induction ofcholitis in mice. TNBS-colitis was induced by rectal instillation 
of 2,4,6-trinitrobenzene sulfonic acid 5% (w/v), mixed with an equal volume of 
ethanoi, into anesthetized mice (100 ^l/mouse). Each treatment group included 6-12 
mice. Mice that died before day 4 were considered as treatment casualties and were 

1 0 not taken into consideration. 

Assessment of colitis. Weight changes and survival were monitored daily. 
Five to eight days following TNBS instillation, mice were sacrificed and 
macroscopic as well as microscopic colonic damage was evaluated. 

Macroscopic colonic scoring. Gross colonic damage was graded according 

15 to Reuter et al. (1996), using the combined values of the four standard macroscopic 
parameters: degree of colonic ulcerations (scale from 0 - completely normal, to 10 - 
most severe); intestinal and peritoneal adhesions (0 to 2); diarrhea (0 to 1); and 
thickness (0 to 1). The total score is the arithmetic sum of the four scores. The 
evaluation was performed in a blind procedure. 

20 Microscopic scoring. Proximal, medial, and distal portions of colon were 

fixed in 10% phosphate-buffered formalin. Paraffin-embedded sections were stained 
with hematoxylin and eosin. The degree of histological damage and inflammation 
was graded according to Elson et al. (1996) using the combined values of the four 
microscopic parameters: extent (scale from 0 - completely normal, to 2 - involving 

25 more than one segment); inflammation (0 - none to 3 - severe); damage (0 to 3 - 
severe transmural); and regeneration (0 - complete re-eptihelization to 3 - none). 
The total score is the arithmetic sum of the four scores. The evaluation was 
performed in a blind procedure. 

Histological examination. Colons removed as described above were fixed in 

30 formalin, and histological evaluation was performed on the fixed colon samples 
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stained with hematoxilin-eosin. The samples were examined by a pathologist and 
ranked from 0 to 6 by the degree of inflammatory infiltrate, ulceration or necrosis, 
and the depth and surface extension of the lesion. 

GA treatment. GA was administered by one of the following procedures: 
5 Oral treatment - 250 |ig/day in PBS, fed by gastric intubation with an 18- 

gauge stainless steel feeding needle. Unless otherwise stated, feedings were 
performed on days -7, -5, -3, -1, 0, 2, 4 and 6, relative to the day of TNBS 
instillation. 

Parenteral treatment by daily injections - 2.5 mg/day, administered 
10 subcutaneously in PBS, starting 14 days before disease induction. 

Single injection - A depot dose of 10 mg/mouse, injected subcutaneously in 
incomplete Freund's adjuvant (ICFA), 14 days before disease induction. 

Colon extract. Colons of syngeneic normal mice were cut into small strips 
and homogenized. The homogenate was diluted in PBS and passed through glass 
15 wool. Protein quantity was measured by using a protein assay kit (Bio-Rad, 
Richmond, CA). 

Reactivity assays. Spleens and mesenteric lymph nodes (MLN) cells (0.5 x 
10 6 cell/well) were cultured with either GA (50 ng/ml), colon extract (200 |ig/ml), 
immobilized anti-CD3 (5 ng/ml), or PBS control, in a final volume of 250 ^l/well 

20 (6 wells for each antigen). For proliferation assay, cells were cultured in RPM 1640 
with 10% FCS, pulsed with 1 jiCi of [ 3 H] thymidine after 48 h incubation, and 
harvested 12 h later. For cytokine (TNF-ct and TGF-P) assay, cells were cultured in 
serum-free medium (DCCM-1), supernatants were collected after 72 h, and tested 
for the cytokines by ELISA using mAbs pairs (R&D Systems, Minneapolis, MN) 

25 according to the manufacturer's instruction. 

Statistical analysis. Macroscopical and microscopical scores, as well as 
weight differences between GA-treated and untreated groups, were analyzed using 
two-tailed Mann- Whitney U test. Statistics of survival curves were performed by 
Kaplan-Meier test. Differences in proliferation responses, TNF-cc and TGF-0 

30 secretion were compared using the two-tailed independent t-test. All the statistical 
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tests were performed by the SPSS 10.0 program. The level of significance for all the 
tests was set at <0.05. 

Example 1. Effect of oral treatment of Cop 1 on TNBS-induced colitis in 
5 BALB/c mice 

Colitis was induced by TNBS in 50% ethanol. GA was administered orally 
(250 |ag/mouse per feeding) every other day, starting either seven or three days 
before induction of disease, at the day of induction, as well as two days after the 
induction, and was continued as indicated in Table 2B below, left row. Colonic 
10 scoring was performed 7 or 8 days after disease induction. Mice that died during the 
first 2 days (usually around 20% in all groups) were considered as treatment 
casualties and thus are not presented; each group contained 4-7 mice that survived 
after day 2. 

The first set of experiments tested the ability of orally administered GA (250 
15 ^ig/mouse, at alternate days, starting 7 days before disease induction, 8 feedings) to 
ameliorate experimental TNBS-induced colitis in BALB/c mice. Macroscopic 
evaluation of colons from GA fed, versus those of control mice, in three different 
experiments, revealed that GA treatment led to drastic reduction in the colonic 
damage characteristic to the disease, as summarized in Table 2A. Thus, the various 
20 macroscopic pathological manifestations, i.e. severe ulceration and/or inflammation, 
adhesion to adjacent organs, diarrhea and bowel wall thickening were all 
significantly reduced (3.5 to 4.0 fold average in the three experiments) by GA 
treatment. The total macroscopic damage, obtained by the arithmetic sum of the 
scores of all four pathological manifestations, was decreased from 10.2 in the 
25 control to 2,7 in the GA-treated groups, namely by 3.8 fold. 

Representative colons from normal mouse as well as a mouse with TNBS- 
induced colitis graded 8 (ulceration/inflammation at two sites, major adhesions, 
diarrhea and bowel thickness), versus colons from two TNBS-induced mice treated 
orally with GA and graded 1 (focal hyperemia only), are demonstrated in Fig 1A. 

17 
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As shown, GA treatment led to a marked reduction of the macroscopic colonic 
damage induced by TNBS. 

GA was particularly effective, when feedings started seven days before 
TNBS inoculation and continued after disease induction (total of 8 feedings every 
5 other day). Under these conditions 5.2 fold reduction in disease severity was 
achieved (Table 2B). However, a significant beneficial effect was observed also 
when GA treatment started only three days before induction (2.75 fold reduction), 
or on the day of TNBS inoculation, and even two days after disease induction (2.2 
fold reduction). 

10 Weight loss is a characteristic of colitis. BALB/c mice with TNBS-induced 

colitis manifested considerable weigh loss (10% of their body weight, by day 3 after 
TNBS inoculation), starting to recover from day 7 but not returning to their original 
weight, as shown in Fig. IB. Mice fed with GA suffered only moderate weight loss 
(maximum 5% of their body weight by day 3) and subsequently exhibited weight 

15 regain till complete restoration of their original weight by day 5. Thus, GA-treated 
mice exhibited significantly higher weights than those of the untreated mice, and 5- 
8 days after disease induction their weight curve was similar to that of normal mice, 
which had not been induced with disease. 

In all groups approximately 20% died in the first two days after TNBS 

20 instillation. They were considered treatment casualties and were excluded from all 
calculations or presentation. The mortality from the disease exceeded 55% in the 
untreated mice, 8 days after induction, whereas only 20% mortality was observed in 
the GA-treated mice due to the disease process (Fig. 1C). Thus, oral treatment of 
BALB/c mice with GA resulted in improved survival rate, in addition to the reduced 

25 manifestations of TNBS-induced colitis. 

Histological assessment of colonic specimens from the mice with TNBS- 
induced colitis not treated with GA revealed severe mucosal damage, focal 
extension of inflammation accompanied with transmural inflammation, extensive 
ulceration and severe disruption of the normal architecture (Figs. 2C, 2D). In 

30 contrast, colons of TNBS-induced mice treated with GA demonstrated more 
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preserved mucosa (Fig. 2E), and only rare mononuclear cells infiltration in 
submucosa and crypts (Fig. 2F). The intestine architecture of the GA-treated mice 
was much less damaged and the glandular structure was well conserved (Fig. 
2E,2F), similar to that of normal mice intestine (Figs. 2A, 2B). The average 
5 histological score of mice surviving till day 7 in which histological samples were 
collected was 7.8 in the colitis group and 2.8 in the GA treatment group (from a 
maximal score of 12.0), indicative of 2.8 folds reduction (p=0.007). GA treatment 
without TNBS induction did not result in any histological or macroscopic damage. 

10 Example 2. Effect of various GA treatment modes on TNBS-induced colitis in 
different mouse strains 

To explore whether the beneficial effect of GA on TNBS-induced colitis is 
restricted to oral administration in the BALB/c strain or represents a more general 
effect, we studied the ability of GA administered by different routes and dosages to 

15 inhibit TNBS-induced colitis in two additional strains of mice. Hence, the effects of 
oral treatment (250 jag/feeding, at alternate days, starting 7 days before disease 
induction); a single injection of a depot dose (5 mg/mouse subcutaneous (SC) in 
ICFA, 14 days before induction); or daily injections (2.5 mg/mouse SC in PBS, 
starting either 7 or 14 days before induction) were tested in the SJL/J strain and the 

20 F 1 hybrid strain of SJL/J and BALB/c - (SJL/JxB ALB/c)F 1 . 

Macroscopic evaluation of the colons, as summarized in Table 3, revealed 
that, similarly to the BALB/c strain, both strains are highly susceptible to TNBS 
colitis (100% disease incidence in the untreated control groups). Particularly 
sensitive were the SJL/J mice in which a score of 12.4 was found from maximum 

25 total score of 14. The aggressive disease in the SJL/J strain was accompanied by the 
manifestation of particularly small spleens and exceptionally enlarged MLN. Oral 
treatment with GA reduced the macroscopic damage induced by the disease in both 
strains, (although to a lesser extent than in the BALB/c, Table 1). Thus, 1.8 and 1.7 
fold decrease in the total macroscopic damage was found in (SJL/JxBALB/c)Fl 

30 mice fed with GA in comparison to untreated mice, observed 5 and 11 days after 
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TNBS inoculation, respectively. In SJL/J mice, which manifested the most severe 
disease, only minor effect of oral treatment with GA was obtained (a decrease of 1.7 
points in the total score). On the other hand, GA treatment administered by daily 
injections was more effective than oral treatment and drastically reduced the colonic 
5 damage characteristic to the disease. Thus, 5 days after disease induction, 3.5- and 
4;6-fold decrease in the total macroscopic score were obtained in 
(SJL/JxBALB/c)Fl mice injected from day -7 and -14, respectively, in comparison 
to untreated mice. An even more pronounced effect was obtained 11 days after 
disease induction when mice injected daily with GA demonstrated almost complete 

10 recovery (only one from seven mice showed focal hyperemia in each group 
resulting in total score of 0.1), while most of the untreated control mice were still 
sick (total score - 5.3). Furthermore, significant reduction in macroscopic score by 
daily injections of GA was obtained even in SJL/J mice, which exhibited the most 
severe disease (2.7-fold reduction in comparison to untreated control by injections 

15 from day -7), accompanied by normal appearance of spleens and MLN. A single 
injection of GA as a depot dose in ICFA was not sufficient to effectively prevent 
the macroscopic damage induced by TNBS inoculation. Although the macroscopic 
scores obtained by this treatment were lower than that of the untreated controls, this 
effect was small and statistically insignificant. 

20 As shown in Figs. 3A-3B, TNBS-induced colitis in both strains resulted in 

considerable weight lost. Hence, 2 days after induction, 12% and 15% weight 
reduction was observed in (SJL/JxBALB/c)Fl (A) and SJL/J (B) mice receiving no 
treatment. Yet, while the Fl mice exhibited subsequent weight regain (restoring 
95% of their initial weight by day 6), the SJL/J mice continued to lose weight till 

25 day 4, and their average weight on day 5 was only 80% of their initial weight. GA 
treatments partially inhibited the extent of weight loss caused by the TNBS colitis 
in both strains. This was manifested in a modest, statistically insignificant, 
inhibition of weight loss in the orally-treated mice and in a major significant 
inhibition of weight loss in the daily-injected mice. For example, 

30 (SJL/JxBALB/c)Fl mice injected daily (from day -7) lost only 4% of their original 
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weight, 1 day after induction, and subsequently recovered showing complete weight 
restoration by day 6. In both strains, the Fl which expresses the milder disease, as 
well as in the SJL/J which expresses the more severe disease, body weights of mice 
injected daily with GA were significantly higher than those of untreated mice 
(p<0.01). 

The mortality from the disease exceeded 40% in the untreated mice in both 
strains (by day 8 in the (SJL/JxBALB/c)Fl, and by day 5 in the SJL/J mice), 
whereas mortality rates of only 30% and 18%, respectively, were observed after 
oral treatment with GA in these two groups (Figs. 3C, 3D). Furthermore, daily 
injection of GA (starting both 7 and 14 days before disease induction) completely 
prevented mortality in the (SJL/JxBALB/c)Fl and only 8% succumbed in the SJL/J 
group (P<0.05 for both strains), indicating that GA essentially prevented mortality 
due to the disease process, significantly improving survival rates. 

GA was also effective in preventing the microscopical colonic damage 
induced by TNBS colitis, as shown in Figs. 3E and 3F. Thus, in (SJL/JxBALB/c)Fl 
mice, a reduction of 1.8-fold in the histological score was obtained by oral 
treatment, and 6.6-fold by daily injections (starting either 7 or 14 days before 
disease induction). In SJL/J mice, which manifested the most severe disease, only 
minor, statistically insignificant, effect of GA treatment was obtained (a decrease of 
0.5 and 1.8 points in the total score by feeding and injection, respectively). 

Example 3. The effect of GA on lymphocyte reactivity of TNBS-induced colitis 

To investigate the effect of GA treatment on the T-cell reactivity in TNBS- 
induced colitis, we studied the cell proliferation response and the secretion of the 
cytokines TNF-a and TGF-p in the colitis-induced mice treated with GA, as 
compared to the untreated mice. The reactivity of spleen cells - systemic response, 
as well as the reactivity of the local mesenteric lymph nodes (MNL), adjacent to the 
diseased organ, were analyzed in the three mice strains. The proliferation in 
response to colonic extract obtained from normal syngeneic mice (CE) and to GA, 
is demonstrated in Figs. 4A-4F. A prominent proliferation response to colonic 
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extract was demonstrated by MLN cells, i.e., 8.9, 2.0 and 3.3-fold in colitis induced 
mice over the response of normal MLN, in BALB/c (Fig. 4B), (SJL/JxBALB/c)Fl 
(Fig, 4D) and SJL/J (Fig. 4F), respectively (P<0.05). This reactivity was restricted 
to the local MLN, since no significant proliferation to CE, over the response of the 
5 same cells without antigen, was observed systemically (Figs. 4A, 4C, 4E), This 
local response to the colonic extract was markedly inhibited by GA treatment, as 
manifested by 66% inhibition in MLN from BALB/c. Moreover, MLN from 
(SJL/JxBALB/c)Fl and SJL/J mice treated either orally or parenterally with GA, 
responded to CE similarly to MLN from normal mice, indicating complete 

10 inhibition of the response to colonic extract by GA treatment. Lymphocytes from 
GA-treated mice, from both spleens and MLN, proliferated in response to the 
treatment agent GA, the systemic response being considerably higher than the 
response of the MLN cells. 

Cells from mice with TNBS-induced colitis secreted high amounts of TNF- 

15 a, as detected by the response towards the broad stimulant anti-CD3. As shown in 
Figs. 5A and 5B, in both BALB/c and (SJL/JxBALB/c)Fl mice this elevation was 
more pronounced in splenocytes than in cells from MLN. In contrast, SJL/J mice 
did not manifest such systemic elevation (Fig. 5C); however, the TNF-a secretion 
of their MLN cells was greatly increased. GA treatment in all strains resulted in 

20 substantial reduction in TNF-ot, in both spleens and MLN, so that the secretion 
levels in colitis-induced mice treated with GA were even lower than in normal 
mice. This reduction in TNF-a was found in all the instances, except in the MLN of 
SJL/J mice treated orally with GA, which did not manifest significant reduction in 
the pathological manifestations either. Yet, SJL/J mice parenterally treated daily 

25 with GA still demonstrated drastic decrease in TNF-a levels, as well as reduced 
disease score. In vitro stimulation by either GA or CEdid not result in secretion of 
TNF-a. 

Secretion of TGF-p in response to treatment with GA as well as to a broad 
stimulus by anti-CD3, was also evaluated. The results obtained in BALB/c mice are 
30 demonstrated in Figs. 6A-6B. Spleen cells and to a lesser extent MLN cells secreted 
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TGF-P in response to GA. This response was more pronounced in mice treated with 
GA (Fig. 6A). Anti-CD3 stimulation resulted in the secretion of excessive amounts 
of TGF-p by spleen cells of normal mice as well as those with colitis (Fig. 6B). 
Interestingly, in the MLN, secretion of TGF-P was significantly reduced in colitis- 
5 induced mice (6.5 folds reduction in comparison to MLN of normal mice), but GA 
treatment generated prominent elevation of TGF-P secretion in the MLN (2.2 folds 
higher than the secretion of normal mice). Similar results were obtained in 
(SJL/JxBALB/c)Fl mice, but not in STL/ J mice which manifested the most 
aggressive disease manifestations (results not shown). 

10 

Example 4. Effect of Cop 1 on dextran sulfate sodium (DSS)-induced 
colitis in mice 

Feeding mice for several days with dextran sulfate sodium (DSS) polymers 
in the drinking water induces an acute colitis with bloody diarrhea, histological 
1 5 damage, and inflammation (Wirtz and Neurath, 2000). 

Female C57BL/6, 7 weeks old mice, were fed with 2.5% DSS solution in the 
drinking water for 7 days. GA was administered subcutaneously by daily injections 
- 2.5mg/day, in PBS, starting either 7 days before or in the same day of DSS 
feeding. 

20 The results of a preliminary experiment using this model are shown in Fig. 7. 

It was found that DSS-fed untreated mice suffered considerable weight loss from 
day 5, and lost 17% of their body weight by day 7 after DSS feeding. Mice treated 
with GA suffered only moderate weight loss (maximum 7% in mice injected from 
day -7, and 4% in mice injected from day 0, by day 7). These results indicate that 

25 GA might have a beneficial effect in DSS-induced colitis as well 
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Table 2. The effect of oral treatment with GA on the macroscopic 
manifestations of TNBS-induced colitis in BALB/c mice 



A. GA treatment starting seven days before disease induction 



Exp. 
No. 


Treatment 


N 


Macroscopic scoring of colon damage 


Ulceration 

(max 10) 


Adhesion 

(max 2) 


Diarrhea 

(max 1) 


Thickness 

(max 1) 


Total 
Score 
(max 
14) 


1 


Control 


5 


6.8 


1.6 


0.4 


0.4 


9.2 


GA 


4 


1.0 


0.6 


0.0 


0.0 


1.6* 


2 


Control 


4 


7.4 


1.8 


0.9 


0.4 


10.5 


GA 


4 


3.4 


0.5 


0.5 


0.0 


4.4* 


3 


Control 


7 


8.3 


1.4 


0.7 


0.6 


11.0 


GA 


5 


2.0 


0.1 


0.0 


0.0 


2.1* 


Aver 
age 


Control 


16 


7.5 


1.6 


0.7 


0.4 


10.2 


GA 


13 


2.1 


0.4 


0.2 


0.0 


2.7* 




GAno 
colitis 


2 


0.0 


0.0 


0.0 


0.0 


0.0 



5 B. Effect of timing of GA treatment in respect to disease induction 



Treatment 


Macroscopic scoring of colon damage 


Ulceration 

(max 10)_ 


Adhesion 

(max 2) 


Diarrhea 

(max 1) 


Thickness 

(max 1) 


Total Score 
(max 14) 


Control 


8.3 


1.4 


0.7 


0.6 


11.0 


GA starting day 
-7, 8 feedings 


2.0 


0.1 


0.0 


0.0 


2.1* 


GA starting day 
-3, 8 feedings 


3.5 


0.5 


0.0 


0.0 


4.0* 


GA starting day 
0, 8 feedings 


4.3 


! 0.7 


0.0 


0.0 


5.0* 


GA starting day 
+2, 6 feedings 


4.7 


0.3 


0.0 


0.0 


5.0* 



Colitis was induced in BALB/c mice by TNBS in 50% ethanol. GA was administered 
orally (250 ng/mouse), every other day, starting from the indicated day relatively to disease 
induction. Colonic scoring was performed 7 or 8 days after disease induction. Mice that 
10 died during the first 2 days (usually around 20% in all groups) were considered as 
treatment casualties and thus are not presented; each group contained 4-7 mice that 
survived after day 2. "Indicates significant decrease in macroscopic manifestation in GA- 
treated versus untreated mice (p<0.05). 
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Table 3. The effect of various courses of GA treatment on the macroscopic 
manifestations of TNBS-induced colitis in different mouse strains 



Mouse 
Strain 


Treatment 


N 


Macroscopic scoring of colon damage 






Ulceration 

(max 10) 


Adhesion 

(max 2) 


Diarrhea 

(max 1) 


Thickness 

(max 1) 


Total 
Score 

(max 
14) 


SJL/JxBALB/c 


Control 


8 


6.8 


1.6 


0.7 


0.5 | 


9.6 


(scoring 5 days 
after disease 
induction) 


GA oral 
every other 
day (from 
day -7) 


8 


3.8 


1.0 


0.3 


0.3 


5.4 




GA 

injected 
once day - 
14 


8 


4.4 


1.4 


0.3 


0.3 


6.4 




GA 

injected 
daily (from 
day -7) 


7 


1.4 


0.8 


0.4 


0.1 


2.7* 




GA 

injected 
daily (from 
day -14) 


7 


1.4 


0.4 


0.2 


0.1 


2.1* 




SJL/JxBALB/c 


Control 


7 


3.3 


1.1 


0.4 


0.4 


5.3 


(scoring 1 1 
days after 
disease 
induction) 


GA oral 
every other 
day (from 
day -7) 


7 


1 23 


0.6 


0.1 


0.2 


3.2 


GA 

injected 
once day - 
14 


6 


2.3 


1.0 


0.2 


0.2 


3.7 




GA 

injected 
daily (from 
day -7) 


8 


0.1 


0.0 


0.0 


0.0 


0.1* 




GA 

injected 
daily (from 
day -14) 


8 


0.1 


0.0 


0.0 


0.0 


0.1* 
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Table 3 (cont.) 



SJL/J 

(scoring 5 days 
after disease 
induction) 


Control 


10 


8.4 


2.0 


1 A 

1.0 


1.0 


tie 

12.5 


GA oral 
every other 
day (from 
day -7) 


11 


7.1 


1.8 


0.9 


0.9 


10.7 


GA 

injected 
daily (from 
day-7) 


11 


3.5 


1.2 


0.5 


0.5 


5.7* , 



Colitis was induced by TNBS in 50% ethanol. GA was administered by one of the 
following ways: orally (0.25 mg), 8 feedings starting 7 days before disease induction; by 
one injection (5mg/mouse) SC in ICFA, 14 days before disease induction; by daily 
injections (2.5 mg/mouse) SC starting either 14 or 7 days before disease induction. Mice 
5 that died during the first 2 days (usually around 20 % in all groups) were considered as 
treatment casualties and are not presented. *Indicates significant decrease in macroscopic 
manifestation in GA-treated versus untreated mice (p<0.05). 
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CLAIMS: 

1. A method for treatment of a patient suffering from an inflammatory bowel 
disease, comprising administering to said patient an amount of an active agent 
5 selected from the group consisting of Copolymer 1, a Copolymer 1 -related 
polypeptide, and a Copolymer 1 -related peptide, in an amount effective for 
reduction of disease progression, alleviation of the disease symptoms, suppression 
of the inflammatory process and/or prevention of further exacerbation of the 
disease. 

10 2. A method according to claim 1, wherein said inflammatory bowel disease is 
Crohn's disease. 

3. A method according to claim 1, wherein said inflammatory bowel disease is 
ulcerative colitis. 

4; A method according to claim 1, wherein said active agent is Copolymer 1. 

15 5: A method according to claim 1, wherein said active agent is a Copolymer 1- 
related peptide or a Copolymer 1 -related polypeptide. 

6. A method according to claim 1, wherein said active agent is administered 
orally. 

7. A method according to claim 6, wherein said active agent is administered 
20 daily. 

8. A method according to claim 1, wherein said active agent is administered 
intramuscularly, subcutaneously, intradermally or by inhalation. 

9. A method for treatment of a patient suffering from Crohn's disease, 
comprising administering to said patient an amount of Copolymer 1 effective for 

25 reduction of disease progression in said patient. 
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10. A method for treatment of a patient suffering from Crohn's disease, 
comprising administering to said patient an amount of Copolymer 1 effective for 
alleviation of the disease symptoms in said patient. 

11. A method for treatment of a patient suffering from Crohn's disease, 
5 comprising administering to said patient an amount of Copolymer 1 effective for 

suppression of the inflammatory process in said patient. 

12. A method for treatment of a patient suffering from Crohn's disease, 
comprising administering to said patient an amount of Copolymer 1 effective for 
prevention of further exacerbation of the disease in said patient. 

10 13. A method for treatment of a patient suffering from ulcerative colitis, 
comprising administering to said patient an amount of Copolymer 1 effective for 
reduction of disease progression in said patient. 

14. A method for treatment of a patient suffering from ulcerative colitis, 
comprising administering to said patient an amount of Copolymer 1 effective for 

1 5 alleviation of the disease symptoms in said patient. 

15. A method for treatment of a patient suffering from ulcerative colitis, 
comprising administering to said patient an amount of Copolymer 1 effective for 
suppression of the inflammatory process in said patient. 

16. A method for treatment of a patient suffering from ulcerative colitis, 
20 comprising administering to said patient an amount of Copolymer 1 effective for 

prevention of further exacerbation of the disease in said patient. 

17. A pharmaceutical composition for treatment of an inflammatory bowel 
disease, comprising an active agent selected from the group consisting of 
Copolymer 1, a Copolymer 1-related polypeptide, and a Copolymer 1-related 

25 peptide, and a pharmaceutical^ acceptable carrier. 
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18. A pharmaceutical composition according to claim 17, wherein said 
inflammatory bowel disease is Crohn's disease. 

19. A pharmaceutical composition according to claim 17, wherein said 
inflammatory bowel disease is ulcerative colitis. 

5 20. A pharmaceutical composition according to any one of claims 17 to 19, 
wherein said active agent is Copolymer 1. 

21. A pharmaceutical composition according to any one of claims 17 to 19, 
wherein said active agent is a Copolymer 1 -related peptide or a Copolymer 1- 
related polypeptide. 

10 22. A pharmaceutical composition according to any one of claims 17 to 19, for 
oral administration. 

23. A pharmaceutical composition according to any one of claims 17 to 19, for 
administration intramuscularly, subcutaneously, intradermally or by inhalation. 

24. Use of an active agent selected from the group consisting of Copolymer 1, a 
15 Copolymer 1 -related polypeptide, and a Copolymer 1 -related peptide, for the 

preparation of a pharmaceutical composition for treatment of an inflammatory 
bowel disease. 

25. The use according to claim 24, wherein said inflammatory bowel disease is 
Crohn's disease. 

20 26. The use according to claim 24, wherein said inflammatory bowel disease is 
ulcerative colitis. 

27. The use according to any one of claims 24 to 26, wherein said active agent is 
Copolymer 1 . 

28. The use according to any one of claims 24 to 26, wherein said active agent is 
25 a Copolymer 1 -related peptide or a Copolymer 1 -related polypeptide. 
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29. The use according to any one of claims 24 to 26, wherein said 
pharmaceutical composition is for oral administration. 

30. The use according to any one of claims 24 to 26, wherein said 
pharmaceutical composition is for administration intramuscularly, subcutaneously, 
intradermally or by inhalation. 

31. An article of manufacture comprising packaging material and a 
pharmaceutical composition contained within the packaging material, said 
pharmaceutical composition comprising an agent selected from the group consisting 
of Copolymer 1, a Copolymer 1 -related peptide, and a Copolymer 1 -related 
polypeptide; and said packaging material includes a label that indicates that said 
agent is therapeutically effective for treating an inflammatory bowel disease. 

32. An article of manufacture comprising packaging material and a 
pharmaceutical composition- contained within the packaging material, said 
pharmaceutical composition comprising Copolymer 1; and said packaging material 
includes a label that indicates that Copolymer 1 is therapeutically effective for 
treating an inflammatory bowel disease. 

33. The article of manufacture of claim 31 or 32 wherein said inflammatory 
bowel disease is Crohn's disease or ulcerative colitis. 
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<210> 1 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> * 

<223> Synthetic peptide 

<400> 1 

Ala Ala Ala Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> 2 
<211> 15 

<212> PRT 

<213> Artificial Sequence 

<220> . 

<223> Synthetic peptide 

<400> 2 

Ala Glu Lys Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 is 



<210> 3 

<211> -15 
<212> PRT 

<213> .Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 3 

Ala Lys Glu Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> 4 

<211> 15 

<212> PRT 

<213> Artificial Sequence 

<220> 1/8 
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<400> 4 

Ala Lys Lys Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> 5 
<211> 15 
<212> PRT „ 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 
<400> 5 

Ala Glu Ala Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
15 10 is 



<210> 6 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 
<400> .6 

Lys Glu Ala Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
15 10 15 



<210> 7 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> -Synthetic peptide 
<400> 7 

Ala G1U Glu Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
15 10 is 



<210> 8 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 
<400> 8 

Ala Ala Glu Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
15 10 15 



<210> .9 
<211> 15 
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<212> PRT 

<213> Artificial Sequence 
<220> " 

<223> Synthetic peptide 
<400> 9 

Glu Lys Ala Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> .10 

<211> -15 

<212> PRT 

<213> Artificial Sequence 

<220> • 

<223> Synthetic peptide 

<400> 10 

Ala Ala Lys Tyr Glu Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> 11 

<211> 15 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 11 

Ala Ala Lys Tyr Ala Glu Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 



<210> 12 

<211> 15 

<212> PRT 

<213> Artificial Sequence 

<220> ' 

<223> Synthetic peptide 

<400> 12 

Glu Ala Ala Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 io 15 



<210> 13 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 
<400> 13 

Glu Lys Lys Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 
1 5 10 15 
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<210> 14 

<211> 15 

<212> PRT 

<213> ^Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 14 

Glu Ala Lys Tyr Ala Ala Ala Ala Ala Ala Lys Ala Ala Ala Ala 

1 ' 5 10 15 



<210> 


15 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


15 



Ala Glu Lys Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 



1 


5 


<210> 


16 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


16 



Ala Lys Glu Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1 5 10 15 



<210> 


17 


<211> 


.15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


17 



Ala Lys Lys Tyr Glu Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> -18 

<211> 15 

<212> PRT 

<213> Artificial Sequenece 
<220> 

<223> Synthetic peptide 
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<400> 18 

Ala Lys Lys Tyr Ala Glu Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 19 
<211> 15 

<212> . PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> .19 

Ala Glu Ala Tyr Lys Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1 5 10 15 



<210> 20 

<211> 15 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> 'Synthetic peptide 

<400> 20 

Lys Glu Ala Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1 5 10 15 



<210> '21 

<211> 15 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 21 

Ala Glu Glu Tyr Lys Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1 5 10 15 



<210> -22 

<211> 15 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 22 

Ala Ala Glu Tyr Lys Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1 5 10 15 



<210> 23 

<211> 15 

<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Synthetic peptide 
<400> 23 

Glu Lys Ala Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


24 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


24 



Ala Ala Lys Tyr Glu Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


.25 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


25 



Ala Ala Lys Tyr Ala Glu Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


26 


<211> 


15 


<212> 


: PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


26 



Glu Lys Lys Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1-5 10 15 



<210> 


'27 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


27 



Glu Ala Lys Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 
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<211> 


.15 


<212> 


PRT 




Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


28 



Ala Glu Tyr Ala Lys Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


29 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


29 



Ala Glu Lys Ala Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


30 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


30 



Glu Lys Tyr Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
1.5 10 15 



<210> 


31 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


31 



Ala Tyr Lys Ala Glu Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala 
15 10 15 



<210> 


.32 


<211> 


15 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic peptide 


<400> 


'32 
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